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The Slat* 
Urban and Rural and Size of 

Place 
Inside and Outside SMSA's 
SCSA's 
SMSA's 
Urbanized Areas 
Places of 1,000 or More 
Counties 
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Ch«bov9on 
Girppewo . 
Oore..... 
Onton-... 
Crowfort.. 
Oetto 
Oidunson 
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Percent 

Mcdton 
age 

Fertility 
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15 ywi 94 
outr-troe 
now owned, 

inckjdng 
SCpWMd 

tagrtHpgMr^ 

Totol 

Percent 1 
chonge 1 

1970-80 ^ 

C" 
Totol 

Ownge 
197(^ Block 

Spanish 
origM 

Under 18 
yeofs 

16 to 64 
yeors 

65 years 
ond over 

Mcdton 
age 

Fertility 
ratio 

1 i
 Totf H

I 

Totol 

Percent 1 
chonge 1 

1970-80 ^ 

C" 

81 555 225 1.6 25 32.0 57.7 10.3 26.5 327 673 653 1 110 14 27 232 39.7 

i 

32 315 52 0.1 0.2 30.6 57.4 11.8 29.4 286 64 7 60.9 415 1.3 11 151 27.1 2 ' 
16 194 26.4 0.1 0.4 29.4 55.5 15.1 32.2 325 690 656 164 1.0 5 723 45.7 : •:; 
U 706 31.9 1.1 30.7 55.4 13.9 31.3 324 674 653 100 0.7 5 099 49.7 2 •; 1 
8 484 69 07 0.4 31.0 53.7 15.3 31.4 376 59.9 63 3 263 3.1 2 929 23.5 2 i 

45 781 20.0 0.1 0.9 31.5 56.4 10.1 30.0 314 68.3 67.7 660 1.4 15 433 34.4 2 j 
119 681 2.2 0.9 26 30.6 59.3 10.1 28.7 302 64 3 59.9 1 094 0.9 41 346 19.6 2 : 

11 205 304 0,3 0.9 26.6 56.4 14.6 32.3 291 660 636 97 0.9 4 008 43.3 2 • 
171 276 4.5 14.5 1.2 30.6 56.3 11.0 29 5 303 644 568 2 733 16 60 276 166 2?: i 
40 188 6.0 0.2 0.6 30.0 58.2 11.8 29.9 312 66.2 62.1 1 012 2.5 U 014 250 2 5:; 

141 557 -0.3 9.6 1.7 26.9 59.8 11.3 30.4 291 63.6 560 4 195 3.0 51 123 15.1 2 1'! 
49 499 14.3 8.4 0.7 30.7 56.4 10.9 30.5 312 67.8 649 232 0.5 17 236 290 2 :: • 
19 907 20.3 0.1 0.3 30.1 57.7 12.2 30.3 320 663 62 6 160 0.8 7 056 41.1 2 E: = 

20 649 246 0.1 0.3 30.5 55.5 140 31.4 319 684 653 127 0.6 7 277 472 2 EI . 
29 029 -10.4 1.3 0.3 27.6 59.9 12.4 29.1 299 586 585 1 877 65 9 931 6.8 2 ' 
23 622 42.7 04 28.9 55.6 15.4 33.4 307 70.1 646 219 0.9 6 686 62.5 2 ~2 • 
55 693 15.3 0.3 1.8 34.5 56.0 7.5 27.6 311 67.0 660 192 0.3 17 755 30.5 • *• ' 
9 465 46.0 0.6 0.5 30.8 56.7 12.5 30.6 344 664 65 2 229 2.4 3 315 67.8 2 '• 

36 947 8.4 0.3 31.2 56.1 12.7 30.2 320 65.5 61.7 369 0.9 13 566 25.4 2 :4 . 
25 341 6.7 - 0.2 27.0 56.1 16.6 33 6 321 676 62.3 373 1.5 9 536 21.4 

66 337 28.2 22 1.8 31.5 60.5 6.0 28.3 277 67.0 63 1 1 169 1.3 30 137 51.6 li-
22 992 25.4 04 0.2 29.2 56.3 12.5 30.1 281 642 563 642 2.8 8 107 47 4 2-'*t 

450 449 1.4 17.5 1.7 32.1 59.9 6.0 274 294 61 8 569 3 746 0.8 154 641 19.2 2 :• .' 
19 957 46.1 0.1 0.6 29.5 56.2 14.3 32.8 323 70.9 67 7 94 0.5 7 159 700 2. 
19 666 -46 07 0.3 24.6 54.7 20.7 392 282 62.9 560 570 2.9 7 576 6.3 I :I ! 
54 699 40.1 0.3 0.5 29.3 59.9 10.7 28.8 286 64.1 563 1 967 3.6 19 167 67.7 2 
40 446 3.1 0.1 3.3 31.2 57.1 11 7 28.3 316 660 605 1 765 4.4 13 319 175 
42 071 132 02 0.7 30.3 57.4 12.3 29 6 311 66.9 633 1 166 2.8 14 363 26.1 I £4 ' 

37 672 9.3 0.3 0.3 22.9 61.1 16.0 274 261 45.0 53.0 3 570 9.4 12 975 17.3 2 
36 459 7.0 0.1 1.1 30.4 545 15.1 31.2 355 67.4 639 533 1.5 12 764 23.6 2 £• 

275 520 55 7.7 38 262 66.4 7.4 25.3 234 51.9 47 9 21 091 7.7 95 179 235 X ' 
51 815 130 3.2 1.8 31 8 56.6 96 26.3 356 563 629 3 441 6.6 16 230 26.7 :h 
28 349 13.6 2.3 0.9 28.6 57.9 13.5 29.2 356 67.2 67 5 1 029 36 10 162 387 2 
13 635 -13 0.2 23.6 54.5 21.9 42.5 318 67.3 61 6 325 2.4 5 430 10 1 I 
54 110 21.3 0.9 1.2 24.8 66.1 7.1 22.5 202 47.9 434 7 052 13.0 16 044 43 4 I 'I 

151 495 5.7 7.2 1.2 29.1 60.9 9.9 29.5 296 61.7 602 8 070 5.3 50 974 206 2 E 
212 376 54 75 1.2 267 64.4 6.9 27.4 239 57 7 53 1 10 619 5.1 75 405 26.9 2 -' 

10 952 107.7 05 32.7 55.6 11.7 29.2 397 70 7 669 46 0.4 3 795 117.5 2 i" ' 
444 506 6.1 7.1 2.0 29.6 60.2 10.2 28.0 302 62 5 563 n 613 2.7 155 598 25.7 I 'E . 

1 963 -13.3 0.5 0.3 20.6 51.7 27.7 46.0 367 626 66.9 16 0.8 833 6.0 

7 711 362 16.7 06 26.7 522 21.1 40.4 335 679 648 5 0.1 3 050 54.0 : f: • 
70 036 33.9 02 1.9 35.7 57.2 7.1 26.6 324 670 65 1 1 546 2.2 21 202 53.2 t •; 1 

I I 
14 007 268 0 1 0.5 28.5 58.2 13.3 31.9 272 66 3 654 104 07 5 023 51.0 
69 946 10.2 0.6 5.1 31.3 56.5 10.2 29.0 313 669 61 6 2 504 2.8 30 044 23.9 2 - ' 

100 269 70.1 0.5 0.8 344 56.6 7.0 26.3 290 66 6 666 1 497 1.5 31 344 856 I " * . 
6 659 -1.9 0.2 29.2 57.1 13.7 322 326 600 566 538 8.1 2 192 25 5 I"" . 

10 176 54 _ 0.3 29.9 55.1 15.0 32.3 323 65 6 625 86 0.8 3 660 250 I "4 i 

694 600 Il.l 13 1.0 29.9 624 7.7 29.2 249 63.7 599 4 447 0.6 229 620 33 9 5 M ! 
23 019 14 6 0.2 1.4 27.9 56.6 15.6 32.6 279 649 606 239 1.0 8 490 31 2 2 -z ) 
74 101 14.6 1.7 0.7 28.0 63.1 8.8 26.1 318 576 597 5 368 7.2 24 514 34.8 

26 365 16.6 0.7 1.4 27.9 57.2 14.9 32.3 315 67 7 63 5 488 1.9 9 693 33.2 2 :• 1 

36 961 32.0 2.1 0.5 23.3 67.6 9.1 22.6 220 47 2 496 5 424 14.7 11 134 42.9 2 22 

26 201 66 0.2 30.1 557 U.I 30.7 351 655 630 274 1.0 9 283 21.4 2 
73 576 15.4 0.6 1.1 322 60.5 7.3 27.9 295 66.7 649 I 604 22 24 498 360 2 '4 

10 009 40.5 0.3 32.2 553 12.5 29.6 367 708 69 5 32 0.3 3 427 54 6 

134 659 13.7 1.7 1.3 33 3 56.3 84 27.8 320 66.3 636 1 289 I.O 43 no 29.8 2 :• 

47 555 19.9 0.2 1.2 31.7 56.1 12.2 29.8 342 684 648 382 0.8 16 543 33-5 2 E5 

7 492 428 0.6 27.7 545 17.8 36.4 347 71.7 67 9 - - 2 814 57 9 2 

157 569 0.1 12.2 1.6 30.7 58.6 10.7 26.9 314 63.2 57.9 2 850 1.8 54 526 15.9 2 T-i 

34 917 24.7 1.6 1.9 31.6 55.4 13.1 30.9 337 666 65.0 260 0.7 12 134 43.7 2 a 

1 Oil 793 11.4 47 1.4 28.7 62.5 8.9 303 250 63.7 594 10 524 1.0 355 167 34.3 Zzi 

22 002 223 0.2 5.1 32.4 55.3 12.3 30.0 349 68 1 64 9 265 1.2 7 416 36.4 : 11 
16 436 36.1 0.1 0.3 29.1 55.7 15.3 33.3 320 687 65 I 253 1.5 5 940 54.4 2 "2 

9 661 -6.5 0.2 30.2 53.9 15.9 345 297 63.6 64 5 158 1.6 3 524 9,1 2 '3 

16 928 27.6 0.1 0.6 31.8 55.0 13.2 30.5 335 69 0 644 191 1.0 6 558 42.5 2 :s 

6 656 45.1 0 1 26.1 54.3 17.7 36.6 314 70.8 65.1 107 1.6 2 517 57 7 2 ti 

14 993 43.9 _ 03 32.7 56.4 10.9 29.1 339 674 632 378 2.5 4 921 62.7 i •' 

157 174 22.6 0.4 3.2 31.9 59.4 8.7 27.3 315 67 6 64 4 3 724 2.4 50 449 40 4 3.4 

14 267 11.1 0.3 29.8 55.2 15.0 32.2 341 666 655 122 0.9 5 008 30.7 2 z2 

16 374 65.5 - 0.4 24.4 56.1 19.4 40.5 293 70.5 67.0 148 0.9 6 519 81 7 

226 059 3.8 15.7 54 32.6 58.2 9.2 27.6 304 626 575 3 089 1.4 76 116 20.5 I --t 

136 602 15 5 2-0 1.5 31.6 57.5 10.7 290 306 65 3 60.6 808 06 47 306 29 9 • 
56 083 16.3 2.4 0.7 30.6 57.4 11.9 29.7 344 687 643 492 0.9 19 794 302 

40 769 16.9 2.1 31.2 546 13.9 30.5 340 676 650 481 1.2 13 959 32.3 

6 575 4.2 0.2 29.5 55.1 15.4 32.4 326 69 0 624 106 1.2 3 045 16 7 

71 140 12.6 0.1 1.1 337 57.6 8.7 27.7 329 67.7 642 434 0.6 23 359 257 

56 961 172 06 1.8 334 57.0 9.6 26.1 315 66.6 64 1 I 139 2.0 16 290 33.4 

66 614 16.9 7 5 2.2 31.6 562 122 29.7 334 666 626 646 1.0 23 121 33.9 

264 746 13.1 107 1.5 24.2 69.4 6.4 263 209 498 490 21 145 8.0 92 937 35.5 
« A 

2 337 691 -12.3 35.5 2.0 293 60.2 10.5 29 3 286 56.0 ^1.1 29 695 1.3 624 169 -0.6 
25 102- 273 0.5 30.5 56.3 13.2 30.6 325 69 0 626 275 11 8 983 44.1 2 "5 

GENERAL POPULATION CHARAaERISTICS MICHIGAN 24-13 



m- • 

/) 1 i (9' ^ 
L^!n\C.iA^(y<' /f,f / 

FlEurs 3-Dep.-Vt=«t of Katur.l Ro.ourc. j V 
PnvlronEnctal Protection Bureau 

GROUMA'ATER QUALITY , 
Site Aasessr^ent Unit District -

aboo+ 3^<-« ^ 

Ckcru \ 
UUanl 

recycled paper eoology and eniironmenl 



V- .••-i •' .;.C 

J^>JX qU'VLrn DIVISICN, 3rd Fkor .Pcs^srea^ffic^;;^^ 
€c<-<,^V-&:gy>lgs-^ Ko. Box 33^8, A.g>09 517-322-1330 

CHIr?, fd^rr. P. Killer. 517-322-1330 
Ai=im»Crativ€ Assietant, Kilo D. Saath 

Air Prograrpe Brarvd) • „ , 
£.-«ineeriJ« Section Suf^cvipor, Paul Shutt 517-3^1-1333 

Air OLialiCy Evaluation Unit Oiief, BaAara J, Cass 
Penmc Unit Chiaf, Gerald L. A^ry 

517-322-1339 

BazaiTio^ y^teriale Evaluation Dnit Chief, John W. Snaffer 

Cralience Branch 517-322-1336 
tAstem RegioQ , 

District Dngineer, Kark teed 517-771-1731 
^Pgntia: District Office, 2«5 terth Williane Uke Rd., 

ESJjSt ^^Lr^R. Thcnas Ifeki 313^2700 
:» LansiiK District Office, General Office Building 

SKoodary Cteplex, ^ing 48909^ cii-v-J 133A 
District Engineer, Dennis A. A-iJ^ruster 517 3.- 133(} 

-—yJaAson District Office, 301 R. Lewis B. Glick H>y 
4th Pkor, Jackson, 49201 ToeftQoo 
District Engineer, Jack H. Larsen 5l7-7u&-9598 

;fes^em,and Ifirthem ^ioo cn_-i„ 
Regicfuil Supervisor, (Vacant) 

—»&-av3 Rapids District Office,.State Office Building, 6th Fl., 
'350 Otbwa, H.W., Grand toixis 49503 
District &»zineer, L. J. fclnes 616-456-5071 

-^Plairstell District Office, 621 North 10th Street, 
P.O. Bat 355, Plaiiwell, 
District Engineer, Richard V. Vandeant . 616-685-9586 

-^Marquette District Office, 1990 D5-41 South, P.O. Best 190, 

otst^^ Engin&er. Donald P. Stephens i • • * 906-226-7505 
-jitesoocntTn District Office, 8717 North tesconraon Road, 

P.O. to 128, Roscc™ 48653 M?_97V51B1 
District Engineer, /rdcxi W. Ibland ........... 317 275-pl51 

Detroit District Office, 1311 East Jefferson, 
Detroit 48207 
Vayrte CoLHTy Health Departnent 313-224-4650 

BJXEJ A® mxm AID, OFF^ CF. 6ch Floor, Mason Bldg. -5n-i7«tA 
P.O. Box 30028, Lyising 48909 517-373-1750 

CKIEF, Demis R. Adsrs 517-373-1750 
Federal Aid Section S-jpervisor, Timthy D. Tras^ 

Budget Analyst, Sarah F. Ra?P 

recycled paper eculupv and ...wmnmen. 



CETiJ^lCAL SLKv-E^- DI\T5I0M, 4th Flcor, H^=on Bldg 
P.O. Box 30028, Lading, 4^9C9 517-373-1236 

onEF, R. Thanv^ Segall . o7~77aI^i7 
Assistant Chief, Allen (Jrebtree 517-3^517 
Oil & Gas, Jsoes S. Lorcaz , 

Productim & Prcrratkn, R. .Elliscxa ^ 
Regiilatory Cbotxol. Ssajel L, Aleuirc. . ......... 517-373-9^ 
Subswrfaze & Petroleau Oaologj'.^. Hichael Bricicer .... 517-37^^ 

Ecoocndc & Enviim. GeoW, ^rt C. Feed 517-37^7W 
htmeral Vfells. ^Vacant) 517-3^^ 
KLning & Eccmaic, Harry 0. Sorens^ . 51^37^^ 
Rscla3i3tiaD L Huung CDotrol, Jon FoeL^le 51^37^^ 
C^oriirfater feology, P. Bis^ll. . , 

Airinistration Financial Control, Krrk Lindquiat { 
Office of Ctnpliance, D^thy Skillings 517-373-6741 

517-373-1947 

CKiCT, Richard S. Jchns 
Afcirastrative Assist^, toss 0. Dodge. 517-3^-^^7 
Permits Section, Section Chief, Vs^ Denmstoo . . .j... • • 517-37^47 
Bvdro-Geological Section, Sectloa^ief, VilliCT Bra^ord. . . 517-3^^OT 
Raisdial Action Section ^tioo Chief, Andra/ Hogarth .... 517-373-^ 
Oxcliance #1, Section (hief, Tfcoi Vodc . . 51^37^^ 

C^illa: District Office. Supsxvisor, Dan Darnell. . .... 616-7^^ 
Graid Rapids District Office, Si;etvi»r, Heyt. . . . 6^5^5^ 
Karqoette Distrkt Office, Supervisor, Earle 01^ 906^6-7^ 
Plairwell District Office, Supervisor, Galen ^hner 616-68>-^ 
Roscoffinn District Office. Supervi^,.Larry Thornton. . . . 517-2^5^ 

Cccplirnce f2, S^ion Chier, David terms . . . • • •.• • • • 51>3^2^ 
D^roit District Office, Superv^, Kakcau^n 5-^T . . . 31>25M^ 
Jack^m District Offv^e, Supervisor, CV^«it) w 
Laising Distr^C Of^ce, Supervisor, Bo^ ^ler 

District Office, Supervisor, Ron Itooistra, 517-771-1731 

4- HAZARDOUS WASTE DIVISION. 1st Floor, Ottawa South Office Building 
^ P.O. Box 3002B. Lfcising 48909 517-373-2730 

CKEEP, Delbert Rector . . ... •••.•/. 517-373-2730 
Afaomstrative Assistant, Robert Itoainsta. 

Ccmliance Section 

^ Ito^^JcD^Diswkt^fice, 8717 N. Rosccnnon Rd., 
P.O. Box 128, ^53 S17-275-5I5I 

I, Surervisor. Ttn 
CSroS^R^ids District 9ffi9®j 350 Ottava R.W., 

6th Floor, Grand Ramids 49503 
? Suoexvisor, Booald Wayhrant 

Supervisor, "K^ Deep 517 JA3-3/1U 
—:pSa2inaa District Office, . 

411-J E. G^se Street, S^inaw 48607 si7-771-1731 
Water Quali^ E^ialist, James Sygo . 517 771 1731 

—^Lansing District Office, Gener^ OfKce Bxdg., 
Seccrrhoy Qrip^, 489C9 517-322-1300 
Supervi^,.Robert, loiw 

—V Itetroit District Office, 517-373-2730 
^ijervisor, Rfsneth B^da 517 3/3-//oy 

Technical Services Section sn—174-9TVI 
Chief, Alan Howard .,. . . . ... 517 373-2730 
Facilities Pernnt Onit. Kenneth.Buroa 
Act (A Services Unit, Charles Si ley 
Waste E\-aluation teiit, Joan Peck 

-10-



H DN/^ DisTiticT^ 

ENVIRONMENTAL PROTECTION BUREAU 

Marquette 
Roscommon 
Cadillac 
Grand Rapids 
Plainwell 
Lansing-Secondary 
Jackson 
Saginaw 
Detroit Area-Unlrnnimn utiihiB time 

AlorHxyille. 

Air Quality, Hazardous Waste, 
Groundwater Quality, Surface Water Quality^ 

Community Assistance and Environmental Services 
are not districted. Offices are based in Lansing. 

XVI 



fry -

.V>' National Water Summary—Michigan 25S 

MICHIGAN 
Ground-Water Resources 

Ground water is the source of 17 percent of public-water 
supplies and nearly 100 percent of the domestic-water supplies 
in Michigan (Bedell, 1982). Ground water supplies 43 percent 
of the State's population; however, ground water accounts for 
only 4 percent of the total water used in the State because most 
supplies for large urban areas are from surface water, particu
larly the Great Lakes (Solley and others, 1983; Weist, 1978). 
Distant from the Great Lakes, water supplies generally are 
obtained from ground water. Ground-water withdrawal for 
irrigation is about 37 percent of the total water used for 
irrigation ( Bedell and VanTil, 1979; Solley and others, 1983). 
Ground-water withdrawals in 1980 for various uses, and 
related statistics, are given in table 1. 

Chemical characteristics of natural ground water in Mi
chigan are determined primarily by the geologic environment 
through which the water flows. Natural ground water general
ly is suitable for human consumption and most other uses. 
Water from glacial deposits, at places, contains large concen
trations of iron [2.5-5.0 milligrams per liter (mg/L)]; water 
from carbonate rocks is likely to be very hard (400-900 mg/L 
as calcium carbonate); and water from the Saginaw aquifer in 
the Saginaw Bay-Thumb area commonly is very mineralized 
(2,000-80,000 mg/L of dissolved solids). Throughout the 
State, salty water underlies freshwater at depths ranging from 
about 100 ft in the eastern part of the Lower Peninsula to 
about 900 ft in the northern part. Average dissolved-solids 
concentration of water from bedrock (535 mg/L) is about 
twice as great as the average concentration from glacial 
deposits (241 mg/L) (Cummings, 1980). 

Michigan has identified more than 1,000 sites where 
ground water has been contaminated to some degree and an 
even greater number of sites where pollution is suspected 
(Michigan Department of Natural Resources, 1985). A wide 
range of contaminants is involved. At many sites, chlorinated 
hydrocarbons and hydrocarbons that are contained in fuel 
substances are the contaminants. Nitrates from surface 
sources have contaminated domestic ground-water supplies in 
concentrations of as much as 30 mg/L at some locations in the 
Lower Peninsula (Cummings and others, 1984). 

GENERAL SETTING 
Michigan is divided into two principal physiographic 

provinces. The Lower Peninsula and the eastern part of the 
Upper Peninsula of Michigan are in the Central Lowland 
physiographic province. These areas are underlain by layered 
sedimentary bedrock of Paleozoic and Mesozoic age. The 
western part of the Upper Peninsula is a part of the Superior 
Upland physiographic province, which is underlain by igne
ous, metamorphic, and sedimentary rocks of Precambrian 
age. Glacial deposits cover most of the State. 

Glacial deposits consist of sand, gravel, silt, clay, and 
boulders. Sand and gravel, such as in outwash and glaciofluvi-
al deposits, are productive aquifers; mixtures of clay, silt, 
sand, gravel, and boulders, which form some till deposits. 

Table 1. Ground water facts for Michigan 
(Withdrawal data rounded to two significant figures and may not add 

to totals because of independent rounding. Mgal/d = million 
gallons per dav; gal-'d = gallons per day. Source: Solley, Chase, 
and Mann. 1983] 

Population served by ground water, 1980 
Number (thousands) 3,978 
Percentage of total population 43 
From public water-supply systems: 

Number (thousands) 1,310 
Percentage of total population 14 

From rural self-supplied systems: 
Number (thousands) 2,668 
Percentage of total population 29 

Freshwater withdrawals, 1980 

Surface water and ground water, total (Mgal/d) 15,000 
Ground water only (Mgal/d) 530 

Percentage of total 4 
Percentage of total excluding withdrawals for 
thermoelectric (WW er 18 

Category of use 

Public-supply withdrawals: 
Ground water (Mgal/d) 220 
Percentage of total ground water 41 
Percentage of total public supply 17 
Per capita (gal/d) 168 

Rural-supply withdrawals: 
Domestic: 

Ground water (Mgal/d) 160 
Percentage of total ground water........... 30 
Percentage of total rural domestic too 
Per capita (gal'd) 60 

Livestock: 
Ground water (Mgal/d) 17 
Percentage of total ground water 3 
Percentage of total livestock 77 

Industrial self-supplied withdrawals: 
Ground water (Mgal/d) 62 
Percentage of total ground water 12 
Percentage of total industrial self-supplied: 

Including withdrawals for thermoelectric power .... 1 
Excluding withdrawals for thermoelectric power .... 3 

Irrigation withdrawals: 
Ground water (Mgal/d) 77 
Percentage of total ground water 14 
Percentage of total irrigation 37 

generally are poor aquifers. Lacustrine deposits that are 
predominantly sand are productive aquifers; those that are 
predominantly clay yield little or no water. In the northern 
part of the Lower Peninsula, glacial deposits in some areas are 
more than 800 feet (ft) thick; in most other areas in the State, 
the deposits are less than 200 ft thick. 

In the Lower Peninsula and eastern Upper Peninsula, 
bedrock, which underlies glacial deposits and crops out at a 
few places, consists principally of Paleozoic shale, limestone, 
and sandstone. These rocks have been deformed into a 
structural feature known as the Michigan basin (Newcombe, 
1933). Sandstone and limestone are productive aquifers and, 
where near enough to land surface to be recharged by precipi-
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Table 2. Aquifer and well characteristics In Michigan 
(Ft = feel; gal/min = gallons per minute. Sources: Reports of the U. S. Geological Survey and Michigan Department of Natural Resources. 

Geological Survey Division] 

Well characteristics 
Aquifer name and description Depth (ft) 

Common May 
range exceed 

Yield (gal/min) 
Common May 

range exceed 

Remarks 

Glacial aquifers: 
Out wash and glaciofluvial deposits: 25 - 200 400 1-1,000 2,000 

Sand and gravel, contains silt 
and clay in places. 
Mostly unconfined. 

Lacustrine sand: Sand, some gravel, 25-100 200 80 - 500 500 
and intert>edded silt and clay. 
Mostly unconnned. 

Till: Intermixed clay, silt, sand, 25 - 200 400 5 - 200 200 
gravel and boulders; sand and gravel 
lenses abundant in some areas. 
ConFined and unconfined. 

Bedrock aquifers: 
Saginaw Formation: Sandstone, 

siltstone, some shale, limestone, 
and coal. Mostly confined. 

Marshall Formation: Sandstone 
and siltstone. Mostly confined 
or semiconfined, unconfined at 
places. 

Silurian-Devonian rocks: 
Limestone and dolomite; some 
shale and sandstone. Mostly 
confmed. 

Cambrian-Ordovlcian rocks: 
Sandstone, limestone, and 
dolomite. Mostly confined. 

Precambrian sandstone: Sandstone 25 - 400 500 5 - 50 100 
interl>edded with siltstone. 
Mostly confined. 

25-300 500 100-300 1,000 

25 - 200 400 100 - 500 1,500 

25-150 200 10 - 300 500 

25-150 200 10- 100 500 

Water generally hard; large 
iron concentrations common; 
deep wells may produce 
salty water in places. 

Used for domestic supplies in 
Saginaw Bay and Detroit areas; 
is salty in places at depth. 

Primary source of domestic 
supply In western Upper 
Peninsula. 

One of Michigan's most important 
bedrock aquifers; water generally hard; 
salty in places at depth. 

Another of Michigan's important 
bedrock aquifers; salty in 
places and at depth. 

Important aquifer in parts of 
eastern Upper Peninsula; 
water commonly hard. 

Important aquifer in eastern 
Upper Peninsula; water 
commonly very hard; salty 
in places and at depth. 

Important aquifer in western 
Upper Peninsula; salty in 
places. 

tation, they produce freshwater. However, where deeply 
buried, these sedimentary rocks yield brackish or salty water. 
In some places, this brine is pumped for commercial use. 

In the western Upper Peninsula, bedrock consists of 
Precambrian igneous, metamorphic, and sedimentary rocks. 
Igneous and metamorphic rocks generally are poor aquifers. 
Most ground-water production in this area is from glacial 
deposits and Precambrian sandstone. However, two public-
water supplies are from old mine shafts in the igneous and 
metamorphic rocks. 

Annual recharge to unconfined aquifers in Michigan 
ranges from 3 to 18 inches (in.) and is derived from precipita
tion which averages 31 in. annually. Some recharge moves to 
deep aquifers; however, most flows from shallow aquifers to 
nearby streams and accounts for about 55 percent of the 
State's streamflow. 

PRINCIPAL AQUIFERS 
The principal aquifers in Michigan consist primarily of 

glacial deposits and sedimentary bedrock. Characteristics of 
the aquifers are described below and in table 2, from youngest 
to oldest; their areal distribution is shown in figure 1. 

GLACIAL AQUIFERS 

Lacustrine Sand Aquifers 
Lacustrine sand is the major aquifer along Lake Huron 

northwest of Saginaw Bay and in parts of southeastern Michi
gan. This material was deposited when lake levels were higher 
in the Great Lakes basins. Some areas near Saginaw Bay and 
in southeastern Michigan are underlain by lacustrine clay, 
which yields little or no water. Dissolved-solids concentra
tions generally range from 100 to 500 mg/L. 

Outwash and Glaciofluvial Aquifers 
In the northern and western parts of the Lower Penin

sula, outwash and glaciofluvial deposits generally are thick 
and coarse grained; in most of this area, ground-water sup
plies are abundant. In the western Upper Peninsula, however, 
outwash and glaciofluvial deposits tend to be thin and isolat
ed; many wells in this area fail to yield sufficient supplies 
during periods of less-than-average precipitation. Dissolved-
solids concentrations in all areas generally range from 100 to 
500 mg/L. 
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Figure 1. Principal aquifers in Michigan. A, Geographic distribution. B, Physiographic diagram and divisions. C, Generalized 
cross section (A-A'). (See table 2 for more detailed description of aquifers. Sources: A, Farrand, 1982. B, Martin, 1936; Raisz, 
1954. C, Compi led by N. G. Grannemann from U.S. Geological Survey files.) 
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Till Aquifers 
In parts of the western Upper Peninsula, till generally 

contains lenses and beds of sand and gravel that provide 
sufficient water for domestic supplies. Elsewhere in the State, 
till consists of a poorly sorted mixture of rock materials of 
little permeability. Dissolved-solids concentrations generally 
range from 100 to 500 mg/L. 

BEDROCK AQUIFERS 

Saginaw Formation 
The Saginaw Formation is an important aquifer in much 

of the central and eastern parts of the Lower Peninsula. The 
formation, which is of Pennsylvanian age, is primarily sand
stone and siltstone in the Lansing area; it is siltstone and 
fined-grained sandstone interbedded with shale, limestone, 
coal, and gypsum in the Saginaw Bay area. Near Lansing, 
transmissivity of the formation ranges from 130 to 3,300 
square feet per day (ft^/d) depending on differences in degree 
of fracturing, number of bedding-plane fractures, thickness of 
the sandstone, and ratio of sand to shale. Sandstone at 
shallow depths is more permeable than deeply buried sand
stone because fractures tend to decrease with depth (Vanlier 
and others, 1973). The formation is confined in most places. 
Recharge to the formation is primarily through the overlying 
glacial and lacustrine deposits. Water of the Saginaw Forma
tion generally is hard; the average dissolved-solids concentra
tion of the water is 1,600 mg/L (Cummings, 1980). Dissolved 
solids are less (300-800 mg/L) in areas where the aquifer is an 
important source for municipal supplies such as the Lansing 
area. 

ally are confined. Recharge to the formation is primarily 
through the overlying lacustrine deposits. Water of Silurian-
Devonian rocks generally has a dissolved-solids concentration 
of less than 500 mg/L. 

Cambrian-Ordovlcian Aquifers 
Cambrian-Ordovician rocks are important aquifers in the 

east-central part of the Upper Peninsula. The rocks are 
principally fine- to coarse-grained sandstone in the lower part 
and limestone and dolomite in the upper part. Transmissivity 
values for these rocks depend primarily on lithology and 
thickness. Generally, the aquifers are confined. Recharge to 
the aquifers is primarily through the overlying glacial deposits. 
Dissolved-solids concentrations of water from Cambrian-
Ordovician rocks range from about 150 to 2,000 mg/L. 

Precambrian Sandstone Aquifers 
Precambrian sandstones are aquifers only in the north

western Upper Peninsula where they are used by small com
munities and for domestic supplies. Because they are well-
cemented and interbedded with siltstone and shale, Precam
brian sandstones yield water primarily from fractures (Van
lier, 1963). Transmissivity values generally are small. At most 
places, the aquifer is confined. Recharge to the formation is 
primarily through the overlying glacial deposits. Dissolved-
solids concentrations of water from Precambrian sandstones 
are generally less than 1,000 mg/L. 

Marshall Formation 
The Marshall Formation is one of the most productive 

bedrock aquifers in the State. The formation, which is of 
Mississippian age, is composed of siltstone and fine- to medi
um-grained sandstone. Transmissivity values for the Marshall 
Formation range from 2,700 to 67,000 ftVd (Vanlier, 1966), 
depending primarily on differences in thickness, size, and 
number of fractures. Although the Marshall Formation un
derlies much of the Lower Peninsula, it is used as an aquifer 
only in the southern part of the Lower Peninsula and in the 
Thumb area; elsewhere in the Lower Peninsula, water in the 
Marshall Formation is either too salty for use or other aqui
fers, closer to the land surface, are used. The formation is 
uncon fined in some locations but generally is confined or 
semiconfined. Recharge to the formation is primarily through 
the overlying glacial and lacustrine deposits. Water of the 
Marshall Formation generally has a dissolved-solids concen
tration of less than 500 mg/L. 

Silurian-Devonian Aquifers 
Silurian-Devonian rocks, consisting principally of lime

stone and dolomite with some shale and sandstone, are aqui
fers in the northern and southeastern Lower Peninsula and in 
the southern part of the eastern Upper Peninsula (fig. 1). 
Transmissivities of these aquifers depend, to a large extent, on 
the number and interconnection of fractures and solution 
channels and on thickness. Silurian-Devonian aquifers gener-

GROUND-WATER WITHDRAWALS AND 
WATER-LEVEL TRENDS 

Location of major ground-water withdrawals and trends 
of ground-water levels near three locations are shown in figure 
2. All major pumping centers are in the southern part of the 
Lower Peninsula; some tap bedrock aquifers, and others tap 
glacial deposits. Ground water is the source of water for 380 
public-water supplies. Of these, 70 communities with a total 
population of 500,000 obtain water from the Marshall and 
Saginaw Formations. 

The Lansing metropolitan area withdraws the largest 
amount of ground water in the State. In 1983, the city of 
Lansing pumped 8.1 billion gallons (gal) from about 125 wells 
that tap the Saginaw Formation and unconsolidated glacial 
deposits. Four other water-supply systems in the area pumped 
4.9 billion gal from about 50 wells. Intensive development of 
ground water in the area has produced a 100-square mile cone 
of depression. Near the center of the cone, water levels have 
declined as much as 160 ft. 

Water levels generally decline in response to increases in 
pumping and recover as pumping is reduced. This effect, on a 
long-term basis, is shown by the hydrograph for Lansing 
(location 1). During the period of record shown in figure 2, 
the effects of discontinued pumpage from nearby production 
wells are shown by a rising water-level trend from 1969 to 1977 
in the observation well. 
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[Withdrawals are principally for public supply] 
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map * " 

1 Lansing, East Lansing, Saginaw Formation, 
Michigan State giaciai deposits. 
University. 

2 Kaiamazoo Giaciai deposits. 
3 Battle Creek Marshall Formation. 
4 Jackson Saginaw and Marshall 

Formations. 
5 Water-ford Township .... Glacial deposits. 
6 Ypsiianti, Ypsiianti Do. 

Township. 
7 Coidwater Do. 
8 Albion Marshall Formation. 

Figure 2. Areal distribution of major ground-water withdrawals and graphs of annuai greatest depth to water In selected wells In 
H/lichigan. (Sources: Withdrawal data from Bedell, 1982; water-level data from U.S. Geological Survey files.) 
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GROUND-WATER MANAGEMENT 
Two State agencies, the Department of Public Health and 

the Department of Natural Resources, are involved in regulat
ing and managing Michigan's ground-water resources. 

The Department of Public Health, through the county 
health departments, issues permits for domestic and public-
supply wells and requires well drillers to submit copies of 
drilling records to the county health departments. This 
department also monitors the quality of public-water supplies. 

The Department of Natural Resources assists ground
water users by maintaining files of drilling records and by 
performing hydrogeologic and ground-water-quality studies. 
The Department also maps and describes geologic formations 
and monitors mineral wells and subsurface injection of brine. 
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